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TITLE OF THE INVENTION 
IMAGE PROCESSING APPARATUS AND IMAGE PROCESSING METHOD 
5 BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a resolution 
converting process for outputting high-resolution image 
10 signals in a low-resolution image output device. 
Description of the Related Art 

[0002] In image processing devices such as a printer, a 

copier, and a multi function peripheral (MFP) , a Page 
Description Language (PDL) signal is expanded to bitmap data 
15 by the device controller. The bitmap data is output in a 
resolution equal to the resolution at expansion. For 
example, data expanded to 600 dpi can be output by using a 
600 dpi printer. 

[0003] Also, even when the controller receives a signal 
20 which has been expanded to bitmap data, the signal is output 
in a resolution equal to the resolution of the received 
bitmap data. In another technique, the PDL signal is 
expanded to 300 dpi bitmap data, the data is then doubled 
for output by a 600 dpi printer, in order to increase bitmap 
25 expansion speed. 
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[0004] In these known arts, the resolution of the 
expanded PDL signal is equal to or lower than the resolution 
of the printer. Therefore, it is difficult to obtain image 
quality of higher resolution than the resolution of the 
5 printer. 

[0005] On the other hand, a technique for expanding PDL 
data to bitmap data in a resolution higher than that of the 
printer has been proposed. In this technique, for example, 
PDL data is expanded to 1200 dpi bitmap data, and each pixel 

10 of the expanded data is output by a 600 dpi printer using 
spot multiple-layered technology. In this way, image 
quality equivalent to 1200 dpi can be expressed by using a 
600 dpi printer. Spot multiple-layered technology is 
disclosed in USP No. 5,134,495, for example. Also, spot 

15 multiplexing can be realized by converting pulse width so 

that a plurality of dots are formed in a basic cell of input 
data to be printed. This technique is disclosed in USP No. 
5,109,283 and JP Patent Publication No. H04-336859. 
[0006] In the above-described techniques, high- resolution 

20 data has to be expanded in a controller. For example, a 
signal expanded to 1200 dpi has to be (A) compressed, (B) 
spooled, (C) expanded, and (D) image processed, thus the 
controller needs to have a spec four times as large as the 
spec for processing 600 dpi data. 

25 [0007] Further, problems can occur in (D) image 
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processing. For example, when 1200 dpi data is processed 
with a line memory, the line memory capacity must be twice 
as large as that used for processing 600 dpi data. Another 
disadvantage is in the error diffusion process for image 
5 processing. In order to perform the error diffusion process, 
the errors of some lines of input image data has to be held. 
This also causes an increase in memory capacity requirements. 
For example, the memory capacity required to process 1200 
dpi data is twice larger than that for 600 dpi in the main 

10 scanning (X direction) . 

[0008] On the other hand, when 1200 dpi data is processed 
in a spec for 600 dpi, the processing speed decreases, or 
processing cannot be executed in some cases. Therefore, 
these methods are not commercially practical. 

15 [0009] In addition, when resolution conversion is 

performed by using spot multiple-layered technology, and the 
controller outputs image data to an image output device 
using electrophotography, image processing which consider 
non-linear characteristics of electrophotography cannot be 

20 performed. The reason for this is that there is no choice 
but to uniformly convert the image data to 600 dpi in a 
printer engine (laser controller) when the spot multiple- 
layered technolocfy is used. Herein, uniform conversion 
means that a product-sum operation process is performed by 

25 using a predetermined weighting coefficient without 
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consideration of input levels. That is, since the 
predetermined coefficients are the fixed values without 
distinction of input signal levels, uniform conversion is 
performed. 

5 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to 

suppress effects of a resolution converting process on 

10 images and load image processing devices and controllers 

when the resolution is decreased, so as to output higher- 
fineness images. An image processing apparatus of the 
present invention converts first image data of a first 
resolution N to second image data of a second resolution M, 

15 which is lower than the first resolution N, so as to output 
the, second image data. The apparatus includes a processing 
unit for determining the position of a target pixel in the 
first image data in accordance with the ratio of the second 
resolution M to the first resolution N, and generating and 

20 outputting a plurality of pixel values based on values of 

pixels in a predetermined area defined by the target pixel; 
a selection signal generating xinit for generating a 
selection signal in accordance with the value of the target 
pixel and an attribute signal representing the attribute of 

25 the target pixel; and an output unit for selecting one of 



- 5 - 



the plurality of pixel values generated by the processing 
unit by using the selection signal so as to output the 
selected value as the second image data. 
[0011] Other features and advantages of the present 
5 invention will be apparent from the following description 

taken in conjunction with the accompanying drawings, in 
which like reference characters designate the same or 
similar parts throughout the figures thereof. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Fig. 1 is a functional block diagram showing an 

example of the configuration of an image processing unit 
according to an embodiment of the present invention. 
15 [0013] Fig. 2 is a schematic view of a mechanical 

structure of an MFP of the embodiment. 

[0014] Fig. 3 is a block diagram showing the system 
structure of the embodiment. 

[0015] Fig. 4 is a functional block diagram illustrating 
20 a resolution converting process of an image-area signal of 
the present invention. 

[0016] Fig. 5 is a functional block diagram showing an 
example of the configuration of a luminance /density 
converting unit of the embodiment. 
25 [0017] Figs. 6A, 6B, and 6C show an example of the 
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configuration of a product-sum operation processing unit of 
the embodiment . 

[0018] Fig. 7 is a functional block diagram showing an 
example of the configuration of a mask selection signal 
5 generating unit of the embodiment. 

[0019] Fig. 8 is a functional block diagram showing an 
example of the configuration of an L converting unit of the 
embodiment . 

[0020] Figs. 9A and 9B are functional block diagrams 
10 showing an example of the configuration of 8/4 converting 
units of the embodiment. 

[0021] Figs. IDA and lOB are functional block diagrams 

showing an example of the configuration of inverters of the 
embodiment . 

15 [0022] Figs. IIA and IIB are functional block diagrams 

showing an example of the configuration of 4/3 converting 
units of the embodiment. 

[0023] Figs. 12A and 12B are functional block diagrams 
showing an example of the configuration of an area 
20 determining unit of the embodiment. 

[0024] Figs. 13A to 13C are functional block diagrams 
showing an example of the configuration of a 8/1 converting 
and ZSG selecting unit of the embodiment. 

[0025] Figs. 14A and 14B illustrate a bit converting unit 
25 of the embodiment. 
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[0026] Fig. 15 is a functional block diagram showing an 
example of the configuration of an ON/OFF switch signal 
generating unit of the embodiment. 

[0027] Figs. 16A and 16B are functional block diagrams 
5 showing an example of the configuration of a SWAP unit of 

the embodiment. 

[0028] Fig. 17 is a block diagram showing the system 
structure of a modification of the present invention. 
[0029] Fig. 18 shows setting examples of mask registers. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0030] An image processing apparatus of the present 
invention converts a first digital signal of a first 

15 resolution N (for example, 1200 dpi) to a second digital 

signal of a second resolution M (for example, 600 dpi), 
which is lower than the first resolution N. In this 
apparatus, the position of a target pixel in a first image 
signal of the first digital signal is determined in 

20 accordance with the ratio of the resolution M to the 

resolution N, operation is performed by using pixel values 
in an area based on the target pixel, a selection signal is 
generated based on both the value of the target pixel and an 
attribute signal representing the attribute of the target 

25 pixel, and an operation result is selected by using the 
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generated selection signal, so as to output the second 
digital signal. 

[0031] Also, in the image processing apparatus of the 
present invention, a density level of the target pixel can 
5 be set, and the selection signal is generated in accordance 
with the set density level. Further, the attribute signal 
of the target pixel is a second attribute signal having the 
resolution M, which is determined based on a signal 
belonging to the area determined by the target pixel in a 
10 first attribute signal of the first digital signal. 

[0032] The present invention can be performed in 
accordance with the following embodiment illustrated in the 
attached drawings . 

(Embodiment of the Present Invention) 
15 [0033] Hereinafter, an embodiment of the present 

invention will be described with reference to the drawings. 

Herein, an MFP (multi function peripheral) using an 

electrophotographic technology is described as a preferred 

embodiment . 
20 <Entire structure of MFP> 

[0034] Fig. 2 is a schematic cross-sectional view showing 

a mechanical structure of an MFP according to the embodiment. 

As shown in the figure, the MFP includes a color scanner 

unit A and a printer unit B. 
25 [0035] First, the color scanner unit A will be described. 
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A paper feeder 201A feeds sheets of paper one after another 
from the last page onto a platen glass 2 02A. Each sheet is 
read and is then ejected. When the sheet is transported 
onto the platen glass 202A, a lamp 203A is lit, and a 
5 scanner unit 204A having the lamp 2 03 A is moved so as to 

scan the sheet by exposure. Reflected light from the sheet 
generated by the scanning is sensed by a CCD color image 
sensor (hereinafter referred to as CCD) 209A through mirrors 
205A, 206A, and 207A, and a lens 208A. Then, the reflected 

10 light is separated into three colors R, G, and B and they 
are read as luminance signals. The luminance signals are 
output from the CCD 209A and are A-D converted to image data 
of digital signals, which are input to an image processing 
unit 304 (see Fig. 3) . The image processing unit 304 

15 performs general image processing, such as shading 

correction, tone correction, and binarization, and then the 
processed image data is transferred to the printer unit B 
(305). 

[0036] Next, the printer unit B will be described. A 
20 laser driver 221B drives a laser light emitting unit 201B to 

emit laser light corresponding to image data of each color 
output from the image processing unit 304. The laser light 
is radiated to form a latent image on the surface of the 
photoconductive drum 202B. Then, a developing device 203B 
25 applies toner, which is developer, to the latent image 
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portion on the photoconductive driim 202B. In Fig. 2, only 
one developing device is shown for simplicity. However, 
toner for each of colors C, M, Y, and K may be prepared, and 
four or more developing devices may be provided accordingly. 
5 Alternatively, four or more pairs of photoconductive drum 
and developing device may be provided for the four colors . 
[0037] In synchronization with start of radiation of the 
laser light, sheets of paper are fed from a cassette 204B or 
205B so as to be transported to a transfer unit 206B. 

10 Accordingly, the developer adhered to the photoconductive 
drum 202B can be transferred onto the sheet. The sheet is 
then transported to a fuser 207B, where the developer is 
fused into the sheet by heat and pressure. The sheet, which 
has passed through the fuser 207B, is ejected out of the 

15 apparatus by ejecting rollers 208B. A sorter 220B 

accommodates these ejected sheets in predetermined bins so 
as to sort the sheets . 

[0038] When sort is not set, the sorter 22 OB puts the 
sheets in the top bin. When two-sided recording is set, 

20 each sheet is transported to the ejecting rollers 208B, the 
rotation direction of the ejecting rollers 208B is reversed, 
and then the sheet is led to a re-transport path 210B by a 
flapper 209B. When multiple recording is set, the sheet is 
led to the re-transport path 210B by the flapper 209B so 

25 that the sheet is not transported to the ejecting rollers 
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208B. The sheet led to the re- transport path 210B is fed to 
the transfer unit 206B at the above-described timing. As 
known, formation of latent images, development, and fusing 
for the four colors can be realized by performing latent 
5 image formation and so on four times by using the above- 
described sheet transport mechanism. 

[0039] In Fig. 2, reference nximeral 314 denotes a network 
communication link, such as a cable. Herein, a system of 
Ethernet® is used. Of course, the present invention is not 
10 limited to a cable network using a network cable, but the 
same environment can be established by using a wireless 
system. 

[0040] The printer unit B can receive PDL signals and 
image bitmap signals from a PC through the network cable, 
15 and output the signals by using the above -described printer 
engine . 

<System structure> 

[0041] Next, an electrical process in the MPU, which has 
been described with reference to Fig. 2, will be described 

20 with reference to Fig. 3. An image reading unit 309 

includes a lens 301, a CCD sensor 302, and an analog signal 
processor 303. A document image 300 formed in the CCD 
sensor 302 through the lens 301 is converted to an analog 
electric signal by the CCD sensor 302. The converted image 

25 information is input to the analog signal processor 303, 
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which performs sample-and-hold and dark level correction, 
and then the image information is A-D converted. The 
generated digital signal is input to the image processing 
unit 304, which is a characteristic element of the present 
5 invention. 

[0042] Also, signals which are transmitted through a 
network 313 are input to the image processing unit 304. The 
signals include PDL signals of PostScript (PS) and LIPS, 
which are transmitted from a PC 315. Of course, each PDL 

10 signal may be compressed. In that case, the PDL signal is 

expanded in the image processing unit 304 (configuration for 
expansion is not shown) . The image processing unit 304 can 
perform correction required in a reading system, such as 
shading correction and Y-correction, and smoothing and edge 

15 enhancement, as well as the above-described compression/ 

expansion. After these processes, the image processing unit 
304 outputs the image signal to the printer 305. 
[0043] Although not shown, the printer 305 includes an 
exposure Control unit including a laser or the like, an 

20 image forming unit, and a sheet transport control unit. The 

printer 305 records input image signals onto sheets of paper. 
[0044] A CPU circuit unit 310 includes a CPU 306, a ROM 
307, and a RAM 308, and controls the image reading unit 309, 
the image processing unit 304, the printer unit 305, and an 

25 operation unit 317, so as to control the entire sequence of 
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the apparatus . 

[0045] A RAM 311 and a ROM 312 are prepared in the 
operation unit 317, so that characters can be displayed in a 
UI and that information set by a user can be stored. 

[0046] The information set in the operation unit 317 by 
the user is transferred to the image reading unit 309, the 
image processing unit 304, and the printer 305, through the 
CPU circuit unit 310. 

<Conf iguration of image processing unit> 

[0047] Next, the image processing unit 304 according to 
the present invention will be described with reference to 
Fig. 1. First, the entire flow of signals in the embodiment 
will be described. 

[0048] In Fig. 3, a PDL signal is transmitted from the PC 
315 through the network cable 314 and the network 313 to the 
image processing unit 304, which expands the PDL signal. 
That is, information described in PDL language is converted 
to bitmap raster data. In particular, the PDL signal is 
expanded to an image signal of 1200 dpi by the image 
processing unit 304. The expansion technique is known, and 
thus the corresponding description will be omitted. 
[0049] Then, the 1200 dpi image signal is converted to a 
600 dpi image signal by using a method described later. 
Thereafter, the 600 dpi image signal is output to the 
printer 305. The conversion to 600 dpi is characteristic of 
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the present invention, so that 1200 dpi data can be 
converted to 600 dpi data while holding the phase 
information of the 1200 dpi image. That is, a resolution of 
1200 dpi can be expressed by 600 dpi output in proportions 
5 of characters (font) and lines. 

[0050] Although, in the embodiment, a 1200 dpi signal is 
converted to a 600 dpi signal, this is an example of a 
conversion process, and the present invention is not limited 
to the conversion technique in these resolutions. Other 

10 resolutions can be employed. 

[0051] Hereinafter, the signal conversion technique will 
be described. In Fig. 1, a 1200 dpi image-area signal (Z 
sig.) 112 and a 1200 dpi data 113 are input signals, which 
are PDL-expanded image signals. More specifically, the 1200 

15 dpi data 113 is an image signal and the 1200 dpi image-area 
signal 112 is an image-area signal corresponding to its 
pixel. The image-area signal is applied to each pixel and 
serves as an identification signal representing attribute 
information: whether the pixel belongs to font, graphics, or 

2 0 image . 

[0052] In Fig. 1, an image-area signal converting unit 
101, which will be described later, converts the 1200 dpi 
image-area signal to a 600 dpi image-area signal. 
[0053] Each of selectors 102 and 111 selects to output 
25 the 1200 dpi image-area signal or to output the 600 dpi 
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image-area signal respectively, by using a reg_through 
signal from a register. The 600 dpi image-area signal is 
generated by the image-area signal converting unit 101. An 
image signal converting unit 103 converts a 1200 dpi image 
5 signal to 600 dpi. Hereinafter, the image signal converting 
unit 103 will be described in detail. 
< Image signal converting unit> 

[0054] The image signal converting unit 103 includes 
luminance/density converting units 104 and 110. When a 

10 signal expanded at 1200 dpi is a luminance signal, the 

luminance signal is inverted in the luminance /density 
converting units 104 and 110. Fig. 5 is a block diagram 
showing each of the luminance/density converting units with 
the names of input/output signals. In the figure, the input 

15 signal is buff IN and the output signal is InData. When the 

input signal buff IN is a luminance signal, the 
luminance /density converting units 104 and 110 invert the 
luminance signal if a switching signal input based on 
register setting is 1, but outputs the input signal as is if 

20 the switching signal is 0. Herein, inversion means that 255 

in an 8-bit signal becomes 0. 

[0055] An 8-bit FiFo memory 105 provides delays by 2 
lines for a product-siim operation processing unit 106, which 
will be described later. Accordingly, only operations with 
25 a mask size of 3x3 at the maximum can be performed. Also, a 
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signal (B) of a target pixel line is input to an L 
converting unit 107, so as to be converted to a 3~bit signal 
by a process, described later. 

[0056] The product-sum operation processing unit 106 
5 performs eight types of processes. These processes include 
detecting a maximum value in a 3x3 area (No. 0); detecting a 
maximum value in a 2x2 area (No. 1); outputting the value of 
a target pixel as is (No. 2); and performing product-sum 
operation in five-types of 3x3 areas in which coefficients 

10 are different (No. 3 to No. 7) . These processes will be 
described with reference to Figs. 6A to 6C. 
[0057] Fig. 6A shows the entire product-sum operation 
processing unit 106. An input signal InData (x) 601 
includes three 8 bit lines: Line (A) 602; Line (B) 603; and 

15 Line (C) 604. An 8 bit output signal, OUT 605 is also shown. 
Fig. 6B shows the range of each area to a target pixel 609. 
As shown in this figure, the relationship between the target 
pixel 609 and a 3x3 area 608 is different from that between 
the target pixel 609 and a 2x2 area 607. 

20 [0058] In Fig. 6B, target pixel 609 is specified by 

oblique lines. In shift of blocks in the product-sum 
operation processing unit 106, the target pixel 609 is 
selected as every other pixel in a main scanning direction 
or a sub scanning direction. (Actually, physical blocks are 

25 not shifted in a memory (register) , but a process of 
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inputting 9 pixels to a 3x3 memory (register) is performed. 
Herein, this expression is used for easy understanding.) 
That is, in Fig. 6B, when the pixel at a starting point 
(0,0) is regarded as a target pixel in a 3x3 area, the 
center of the 3x3 area corresponds to the target pixel . 
Then, after a product-sum operation process using 9 pixels 
is performed, the center of the 3x3 area is shifted from the 
starting point (0,0) to the second pixel therefrom in the 
right direction (main scanning direction) , and then a 
product-sum operation process is performed by using the 
target pixel and surrounding 8 pixels. Note that the shift 
direction is not limited to the right. 

[0059] For example, as indicated by oblique lines, when 
pixels of 1200 dpi are processed, every other pixel (in a 
case of main scanning direction) or every other line (in a 
case of sub scanning direction) , one of every two pixels is 
generally thinned (removed) , and thus the number of pixels 
in the main scanning direction and in the sub scanning 
direction is reduced to 1/2. As a result, the 1200 dpi data 
can be converted to 600 dpi data. In the present invention, 
however, one of every two pixels is not simply thinned. 
Details of the process will be described later. 
[0060] Hereinafter, each process will be described in 
order. To detect a maximum value in a 3x3 area, which is 
output to No. 0 of the product-sum operation processing unit 
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106 (Fig. 1) , values of pixels in a 3x3 area including a 
target pixel in Fig. 6B are compared so as to detect a 
maximum pixel value among 9 pixel values. Likewise, to 
detect a maximum value in a 2x2 area, which is output to No. 
5 1, a maximum pixel value in the 2x2 area in Fig. 6B is 

detected. 

[0061] Further, a target pixel value is output as is to 
No. 2. That is, a signal of the target pixel in Line (B) is 
output. The output value of No. 3 is a result of product- 

10 sum operation performed in the range of 3x3. The details of 

this operation will be described with reference to Fig. 6C. 
Each of a to i in a mask register 611 in Fig. 6C is a 
register set value (weighting coefficient to be multiplied 
to each pixel) , and a value of 6 bits is arbitrarily set to 

15 each of a to i. A product-sum operation is performed based 
on the following equation (shown in Fig. 6C) by using each 
of the register set values and input signals x of 
corresponding pixels in image data 612 . 
OUT=(a*x(i-l, j-l)+(b*x(i, j-l)+(c*x{i+l, j-1) 

20 +(d*x(i-l, j)+(e*x(i, j)+{f*x(i+l, j) 

+ {g*x(i-l, j+1) + (h*x(i, j+1) + (i*x(i+l, j+1) )»6 (Equation 1) 
[0062] In this operation, the product of the input signal 
X of each pixel and a register set value at the 
corresponding position is obtained in each of 9 pixels, the 

25 products of 9 pixels are added, and the sum value is shifted 
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to the right by 6 bits. The bit shift is equivalent to a 
process of dividing the sum value by 64. The obtained 
result is clipped by 255 so as to obtain a final result, 
which is output from No. 3. 
5 [0063] In the equation for OUT shown in Fig. 6C, each 

underlined element has 14 bits. Since the operation result 
is finally clipped by 255, output OUT is 8-bit data. A 
product-sum operation in a 3x3 area has been described above. 
On the other hand, by setting a, b, c, d, and g among 

10 register set values a, b, c, d, e, f, g, h, and i to 0, a 
product-sum operation in a 2x2 area can be realized. 
[0064] In each of Nos. 4 to 7 (Fig. 1), an operation 
which is the same as the operation for outputting No. 3 is 
performed by using arbitrary mask registers 611. 

15 Coefficients set in the mask registers 611 may be different 
in each output, or may be the same. These coefficients are 
set in the registers in advance by using a CPU. 
[0065] The set values used in the embodiment are 
different in each output as shown in Fig. 18. In each of 

20 Nos. 3 to 7, the above -de scribed product-siim operation is 
performed by using these coefficients and input image 
signals corresponding to the positions of the coefficients. 
These coefficients are used for controlling generated half 
dots depending on the level of input signal. 

25 [0066] For example, when the value of an input signal is 
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small, a coefficient of No. 3 is used so that half dots 
adjoining dark dots do not become too small by a product-sum 
operation. On the other hand, when the value of an input 
signal is large, a coefficient of No. 7 is used so that half 
5 dots adjoining dark dots do not be too dark. Herein, the 
input signal is a signal from the L converting unit 107, 
which is generated by converting the value of a target pixel 
to 3 bits. 

[0067] As a result of the above-described operation, Nos. 

10 0 to 7 are output from the product-sum operation processing 

unit 106 in Fig. 1, and any of them can be selected by the 
selector 109, to which a signal described later is input. 
The image processing unit 304 of the embodiment is 
characterized in that processes can be optimally switched 

15 for each pixel in accordance with the characteristic and 

value (density level) of each pixel. Further, by performing 
the above-described processes in the image processing unit 
304, adaptive image conversion considering non-linear 
characteristics of electrophotography can be realized. 

20 [0068] Referring back to Fig. 1, the L converting unit 

107 includes a memory for 8-bit address space and 3-bit data, 
and receives a target pixel value of 8 bits on Line (B) . 
The L converting unit 107 outputs a 3-bit signal. For 
example, a value "X/52+3" is set to the L converting unit 

25 107. The X is substituted by a target pixel value: any of 0 
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to 255. That is, any of target pixel values 0 to 255 is 
substituted into X, so that any of values 3 to 7 can be 
obtained by an operation in the L converting unit 107, This 
value reflects the density of a target pixel. Remainders 
5 generated in the above operation are dropped. 

[0069] A mask selection signal generating unit 108 
generates a signal used for selecting the results of 
product-sum operations in Nos. 0 to 7 . The generating 
process will be described with reference to Fig. 7. An 

10 output signal L 702 from the L converting unit 107 and 

output sd 701 from the image-area signal converting unit 101 
are input to the mask selection signal generating \mit 108, 
which generates a selection signal 703 of 3 bits, which is 
output to the selector 109. 

15 [0070] More specifically, the selection signal 703 is 

generated in accordance with the value of the 2 -bit sd 
signal 701. The output signal 703 from the mask selection 
signal generating unit 108 is used for selecting one of 
outputs Nos. 0 to 7 . Accordingly, the mask selection signal 

20 has 3 bits sufficient to represent outputs Nos. 0 to 7 . 

When the sd signal 701 is any of Nos. 0 to 2 , a selection 
signal 703 for selecting any of Nos. 0 to 2 is output, and 
when the sd signal 701 is 3, a selection signal 703 is 
output based on the value of the L signal (density value of 

25 a target pixel). The L signal is a 3-bit signal. However, 
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the output from the L converting unit 107 is any of 3 to 7, 
and thus a selection signal 703 (any of 3 to 7) for 
selecting any of Nos . 3 to 7 is output. 
[0071] Output Nos. 3 to 7 of mask selection signal 
5 generating unit 108 are generated by referring to the 

density value of the input image signal of 1200 dpi. Thus, 
an optimal product-s\im operation result can be selected in 
accordance with the density level of the input signal 113 . 
That is, a product-sum operation result can be selected for 

10 each pixel by considering the non-linear characteristic of 

electrophotography. Of course, this can be applied to a 
selection considering a smear of ink in a printer in which 
images are formed by ejecting ink, such as an Inkjet printer. 
[0072] Further, in the image processing unit 304, control 

15 can be performed by using the value of the sd signal 701 

generated by the image-area signal converting unit 101, and 
thus a result output from the product-sum operation 
processing unit 106 can be arbitrarily selected for each of 
a character portion, a minor font (for example, under 4 

20 points), a line portion, and an image portion. That is, 
resolution converting processes can be switched for minor 
font in which importance is put on readability, and 
characters in which importance is put on proportion. For 
example, a target pixel value of No. 2 is selected for minor 

25 font of under 4 points. Otherwise, any of product-sum 
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operation results in Nos. 3 to 7 is selected. Further, an 
image quality of 1200 dpi can be realized in only an 
arbitrary image area or an arbitrary density. In this way, 
excellent effects can be obtained. 
5 [0073] By selecting any of eight types of outputs from 

the product-sum operation processing unit 105 using a 
selection signal output from the mask selection signal 
generating unit 108, 1200 dpi data can be converted to 600 
dpi data while maintaining the 1200 dpi image quality. This 
10 process can be realized because a resolution converting 

process is performed in accordance with the characteristic 
of each pixel of the input 1200 dpi data by using the value 
of each pixel (density value) and an image-area signal of 
each pixel . . 

15 [0074] The 600 dpi data signal from selector 109 which 

has image quality equivalent to 1200 dpi is transmitted to 
the printer through the luminance/density converting unit 
110 and the selector 111 so as to be output. Therefore, 
even when the printer has an output resolution of only 600 

20 dpi, a quality similar to 1200 dpi can be ensured by using 
data which has been processed in the manner of the 
embodiment . 

<Image-area signal converting xinit> 

[0075] Now, the image-area signal converting unit 101 
25 will be described. Fig. 4 is a block diagram showing the 
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entire image-area signal converting unit 101. The image- 
area signal converting unit 101 includes a FiFo memory 400 
of 8 bits, which introduces delay by 2 lines as the FiFo 
memory 105. With this configuration, a process in the range 
5 of 3x3 can be realized. 

[0076] 8/4 converting units 401, 402, and 403 are 
processing units for converting input 8-bit signals to 4-bit 
signals. A process performed by each of the 8/4 converting 
units 401 to 403 will be described with reference to Figs. 

10 9A and 9B. Fig. 9B is a block diagram showing the entire 

8/4 converting unit, in which input is represented by 8-bit 
indata 901 and output is represented by 4-bit FTData 907. 
[0077] Fig. 9A shows an example of an internal 
configuration of the 8/4 converting unit. AO, Al, A2, and 

15 A3 constitute a bit selection register 906 of 3 bits, and 

each of them specifies and selects a bit. More specifically, 
when the indata 901 of 8 bits is input, each of four 
registers 902 to 905 selects 1 bit based on an arbitrary bit 
specified by the bit selection register 906. As a result, 

20 4-bit output can be obtained as the FTData 907. 

[0078] For example, when 8-bit data "00101000" is input 
as the indata 901 and when the corresponding output from A3 
of the bit selection register 906 is "010", the 8/1 
selecting unit 902 selects the third bit, and thus output 

25 out3 is 0. This is the same for the other 8/1 selecting 
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units 903 to 905, each of which outputting 1 bit. 
[0079] Referring to Fig. 4, inverters 404 to 406 invert 
signals. Herein, inversion means bit inversion, for example, 
an input signal "1111" is inverted to "0000", or an input 
5 signal "1010" is inverted to "0101". 

[00801 Details of the inverters 404 to 406 will be 
described with reference to Figs. lOA and lOB. Fig. lOB is 
a block diagram showing the entire inverter and Fig. lOA is 
a block diagram showing an example of an internal 
10 configuration of the inverter. In Fig. lOA, a register A7 

(1006) is a 4-bit selection signal and can invert a 
specified arbitrary bit. 

[0081] Specifically, the inverter includes exclusive-or 

operation units (hereinafter referred to also as EXORs) 1002 
15 to 1005. Each of the EXORs performs exclusive-or operation 

by using the register A7 (1006) and an input signal 1001. 

The EXOR 1002 outputs an operation result for bit 3, the 

EXOR 1003 for bit 2, the EXOR 1004 for bit 1, and the EXOR. 

1005 for bit 0. Therefore, when the register A7 is "1111", 
20 all of the bit 3 to bit 0 of the input signal 1001 are 

inverted and output, and when the register A7 is "1000", 

only bit 3 is inverted and output. 

[0082] In Fig. 4, each of 4/3 converting units 407 to 409 
generates a 3 -bit image-area signal based on a 4-bit signal, 
25 which has been obtained by converting an 8-bit image-area 
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signal in the 8/4 converting unit. The input image-area 
signal has 8 bits in the embodiment, and thus includes 
various types of information. In order to reduce the amount 
of information, 4 bits are selected in the 8/4 converting 
5 unit, and the selected 4 bits are converted to 3 bits. This 
method is more preferable than directly converting 8 bits to 
3 bits, because the amount of delay memory can be reduced 
and the cost can be effectively reduced. 
10083] Next, a process performed in each of the 4/3 

10 converting units will be described with reference to Figs. 

IIA and IIB. Fig. IIB is a block diagram showing the entire 
4/3 converting unit, and Fig. IIA shows an example of an 
internal configuration thereof. In Fig. IIB, an inoutdata 
1101 of 4 bits is input and an inoutdata' 1102 of 3 bits is 

15 output. 

[0084] Fig. IIA logically shows the process, in which bit 
0 to bit 3 correspond to the inoutdata 1101 shown in Fig. 
IIB. The inoutdata 1101 is the above-described image-area 
signal generated by selecting arbitrary bits. Also, bit 0 

20 to bit 2 correspond to the inoutdata' 1102 shown in Fig. IIB, 
which is a newly generated image-area signal. 
[0085] Each of 4 bits in the inoutdata 1101 used in the 
embodiment represents the followings. Of course, this is 
only an example, and the number of bits and the meaning of 

25 each bit is not limited to this example. 
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bit 0: vector (1), non-vector (0) 
bit 1: chromatic color (1), achromatic color (0) 
bit 2: character (1), non-character (0) 
bit 3: with object (1), without object (0) 
5 The 4/3 converting unit generates an image-area signal based 
on the input signal 1101 by setting registers A to E shown 
in Fig. IIA. 

[0086] The register A provides a signal for setting 
whether bit 1 should be determined as a chromatic signal, 

10 The register B is a signal for setting whether a 

character/non-character signal of bit 2 should be used as is, 
or should be inverted, or fixed for character determination. 
The register C is a signal for setting whether or not an 
image-area determination relating to characters should be 

15 used or forcefully set to 1 or 0 . The register D is a 
signal for setting whether or not an image-area 
determination relating to graphics should be used. The 
register E is a signal for setting whether or not an image- 
area determination relating to images should be used. 

20 [0087] That is, in the image-area signal generated in 

this manner, bit 2 represents determination of images, bit 1 
represents determination of graphics, and bit 0 represents 
determination of font. 

[0088] In the embodiment, image, graphics, and font are 
25 allotted to bit 2, bit 1, and bit 0, respectively. However, 
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the order may be changed, for example, font, image, and 
graphics are allotted to bit 2, bit 1, and bit 0, 
respectively . 

[0089] An area determining unit 410 shown in Fig. 4 
5 performs the following process in a 2x2 area or 3x3 area. 

Details of the process will be described with reference to 
Figs. 12A and 12B. 

[0090] Fig. 12B is a block diagram showing the entire 
area determining unit 410. Three lines of 3 bits (Line (A) 
10 1207, Line (B) 1208, and Line (C) 1209) of FTData signals, 

which have been output from the 4/3 converting units 407 to 

409, respectively, are input to the area determining unit 

410. Then, area 1 (1211) of 4 bits and area 2 (1210) of 3 
bits are output therefrom. 

15 [0091] Fig. 12A shows a 2x2 area (1201) and a 3x3 area 

(1202) . In each area, a portion of a thick frame is a 
target pixel . The area to be used is determined based on 
the setting of a register TT (not shown) . The numbers 0 to 
8 drawn in (2) and (4) of Fig. 12A indicate precedence of 

20 pixels to be processed, and the numbers 0 and 1 drawn in (1) 

and (3) indicate the values of input signals FTData. Herein, 
only 0 and 1 are shown. However, since FTData is a 3 -bit 
signal, it is clear that signals 0 to 7 exist. 
[0092] The precedence shown in (2) and (4) is determined 

25 based on a distance from the target pixel. For example, in 
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the 3x3 area shown in (4) , the highest priority is put on 
the target pixel, and the priority decreases away from the 
target pixel. Of course, the present invention is not 
limited to this order of precedence, and the order may be 
5 changed to a counterclockwise direction. The highest 

priority is put on the position of the target pixel and the 
precedence decreases with the distance from the target pixel . 
In the case of 2x2 area shown in (2), the area is small and 
thus the above explanation is difficult to understand, but 

10 the order of precedence is determined in the same manner. 

[0093] The above-described process is performed in the 
3x3 area or the 2x2 area in order to determine whether or 
not an arbitrary image-area signal exists in the area when 
the resolution is converted from 1200 dpi to 600 dpi. 

15 Accordingly, applying this method to only characters (font) 
can be performed according to the detected signal . 
[0094] Hereinafter, details of the process will be 
described. First, when the register TT is set at 0, the 2x2 
area 1201 is selected. Then, the maximxxm value in the input 

20 signal FTData is detected based on the precedence shown in 
1204. Then, the position of precedence where the maximum 
value has been detected is output as an area 1 signal 1211. 
That is, the pixel position having a maximiim value is 
determined in the 2x2 area 1201. Also, the OR of values of 

25 the four pixels is output as an area 2 signal 1210. 
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[0095] On the other hand, when the register TT is set at 
1, the 3x3 area 1202 is selected so as to perform a process. 
The process is the same as that performed for the 2x2 area 
1201, and thus the corresponding description is omitted. 
5 However, since the area is wider (3x3), the area 1 signal is 
0 to 8 and the niimber of output bits is 4. The other 
features remain the same as in the above description. 
[0096] Although a fixed value may be set to the register 
TT, the value may be changed through the CPU in accordance 

10 with the attribute of input data, such as characters and 

graphics. For example, for fine data such as characters, 
the 2x2 area is selected so as to prevent corruption of 
converted data. For graphics including lines and figures, 
the 3x3 area is selected. 

15 [0097] The area determining unit 410 converts 1200 dpi 

data to 600 dpi data by performing processing every other 
pixel or every other line, as in the product-sum operation 
processing unit 106 shown in Fig. 1. However, the area 
determining unit 410 performs the above -described mask 

20 process in addition to a thinning process, and thus an 

image-area signal equivalent to 1200 dpi can be expressed 
with data, which has been converted to 600 dpi. 
[0098] Also, it would be clear for those skilled in the 
art that the above-described process at every other pixel or 

25 every other line can be adopted when 2400 dpi data is 
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converted to 1200 dpi data. Further, when a resolution is 
decreased to 1/4, for example, when 2400 dpi data is 
converted to 600 dpi data, a mask size is set to 4x4 or 5x5 
and processing is performed every four pixels or every four 
5 lines. In this way, a maximum image quality can be 

maintained and image data of 1/4 resolution can be obtained. 
[0099] A 8/1 converting & ZSG selecting unit 411 in Fig. 
4 detects minor images in an area and selects input DataZ at 
an arbitrary position in accordance with the above-described 

10 area 1 signal 1211. DataZ is an input image-area signal of 
1200 dpi. However, when any of image-area signals in a 
predetermined area, such as a 3x3 area, indicates 
predetermined information such as a minor character, the 
image-area signal of the target signal in the area is 

15 converted to a signal indicating the information. 

[0100] Hereinafter, the process will be described with 
reference to Figs. 13A to 13C. Fig. 13B is a block diagram 
showing the entire 8/1 converting & ZSG selecting unit 411. 
Herein, 8-bit image-area signals 1301 of 1200 dpi and the 4- 

20 bit area 1 signal 1211 are input, and 1-bit point_fg signal 
1308 and 8-bit zs signal 1309 are output. The point_fg 
signal 1308 indicates whether or not a minor image exists in 
the area, and the zs signal 1309 is an image-area signal 
selected by the area 1 signal 1211. 

25 [0101] The block diagram in Fig. 13A shows a unit for 



- 32 - 



generating the point_fg signal described with reference to 
Fig. 13B. First, an arbitrary bit is selected for one of 
three lines of the DataZ (1301) by a register A4 (1304) and 
a register A5 (1305) . In the embodiment, a minor flag of 
5 bit 4 is selected by the register A4 (1304) , and a font flag 
of bit 2 is selected by the register A5 (1305) . Then, 
integration is performed in an AND gate 1306, so that a 
minor image signal is generated. 

[0102] The same process is performed for each of the 
10 other lines to generate minor image signals in the 2x2 or 

3x3 area. Then, these signals are added through an OR gate 
1308 to generate the point_fg signal 1308. The area is 
selected based on the register TT, as in the above- 
description. Further, in the embodiment, a signal selected 
15 by the register A4 (1304) can be inverted by a register A8 

(1310), as shown in Fig. 13A, but the selected signal may be 
used in a non-inverted form. 

[0103] Next, the process of generating a ZSG signal in 
the ZSG selecting xinit will be described. Herein, an input 

20 DataZ signal at an arbitrary position is selected in 

accordance with the above-described area 1 signal 1211. The 
arbitrary position is any of positions 0 to 8 of the 
precedence 1311 shown in Fig. 13C. The center (target 
pixel) corresponds to 0 of bit 4 of the area 1 signal 1211. 

25 In the other pixels, the number allotted to each pixel 
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corresponds to a bit value of the area 1 signal 1211. 
[0104] In this way, by selecting the DataZ signal 1301 
corresponding to the area 1 signal 1211, resolution 
conversion from 1200 dpi to 600 dpi can be performed in 
5 accordance with the image-area signal for each pixel and the 
characteristic of the density level of each pixel, instead 
of simply thinning every other pixel and every other line. 
[0105] In Fig. 4, reference numeral 412 denotes a bit 
converting unit, which includes a memory of 4-bit address 

10 space and 2-bit data. The detail of the process is omitted, 

but the overview of memory data used in the embodiment will 
be described with reference to Figs. 14A and 14B. In Fig. 
14A, bit 3 (1401) to bit 0 (1404) in the horizontal axis 
indicate coupled values of output area 2 (1210) from the 

15 above-described area determining unit 410 and output 

point_fg (1308) from the 8/1 converting & ZSG selecting unit 
411. The coupled value is point_fg [3 down to 3] + area 2 
[2 down to 0] . A 4 -bit signal can be generated by 
performing this calculation. Accordingly, the horizontal 

20 axis of Fig. 14A is represented by bit 3 (1401) to bit 0 
(1404) . 

[0106] Bit 3 to bit 0 are indicated in decimal notation 
in an input axis 1405 in the vertical axis. An output axis 
1406 indicates output signal values of 2 bits, and meanings 
25 (1407 to 1422) in the margin are given in the embodiment. 
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For example, when input=l, it is determined to be a 
character image (font: 1408) and 3 is output as output 1406. 
When input=2, it is determined to be graphic 1409 and 1 is 
output . 

5 [0107] The output corresponds to the sd signal 701 input 

to the mask selection signal generating unit 108 shown in 
Fig. 1. That is, when 3 is output, any of Nos. 3 to 7, 
which have been calculated by the product-sum operation 
processing unit 106, is selected by using the mask selection 

10 signal generating unit 108, and when 1 is output, No. 1, 
which has been calculated by the product-sum operation 
processing unit 106, is selected by using the mask selection 
signal generating unit 108. When the sd signal is 3, one of 
the Nos. 3 to 7, which have been calculated in the product- 

15 sum operation processing unit 106 in advance, is selected 

based on the value of L signal (density value of the target 
pixel) . The detail of this process has been described above. 
[0108] In this way, by selecting one of the plurality of 
values, which have been calculated by the product-sum 

20 operation processing unit 106 in advance, 1200 dpi can be 

optimally converted to 600 dpi for each type of image, that 
is, for each pixel. 

[0109] Incidentally, "minor" in the margin (1416 to 1422) 
corresponding to input=9 to 15 in Fig. 14A represents the 
25 existence of a minor flag. That is, "minor" represents that 
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minor font, minor graphic including extremely thin lines, or 
minor image existed in an arbitrary area. In that case, 2 
is output. As a result, the sd signal 701 is 2, and thus 
the value of No. 2 is output in the product-sum operation 
5 processing unit 106. That is, a target pixel value which is 
not processed by a product-sum operation is output as is. 
[0110] This in because by performing the product-sum 
operation, 1200 dpi data can be expressed in 600 dpi, but 
minor fonts and thin lines may be broken due to the 

10 characteristic of electrophotography or the line width may 
be significantly changed, and thus readability and image 
quality are deteriorated disadvantageously . In order to 
solve this problem, the target pixel value is output as is 
for minor font, so that deterioration in readability/image 

15 quality can be prevented and that expression of 1200 dpi 
data by 600 dpi data can be realized. 

[0111] In this way, by selecting one of the results of 
the product-sum operation processing unit 106 in accordance 
with a 600 dpi image-area signal of graphic /font /image 
20 equivalent to 1200 dpi, resolution can be optimally 

converted from 1200 dpi to 600 dpi in accordance with each 
image area, and thus high-resolution image processing can be 
obtained. 

[0112] In Fig. 4, reference numeral 413 denotes an ON/OFF 
25 switch signal generating unit, and the details thereof will 
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be described with reference to Fig. 15. Fig. 15 is a block 
diagram showing the entire ON/OFF switch signal generating 
unit 413. The ON/OFF switch signal generating unit 413 
generates an on_off signal 1502 based on the sd signal 1501 
5 generated by the bit converting unit 412. Specifically, it 
outputs 1 when the sd signal 1501 is 3, and outputs 0 for 
other cases . 

[0113] A SWAP unit 414 rewrites an arbitrary bit in 
accordance with the on_off signal output from the ON/OFF 

10 switch signal generating unit 413 . The details are shown in 
Figs. 16A and 16B. Fig. 16B is a block diagram showing the 
entire SWAP unit 414, and Fig. 16A shows an example of an 
internal configuration of the SWAP unit 414. As shown in 
Fig. 16B, a zs signal 1600 of 8 bits and the on_off signal 

15 1601 of 1 bit are input to the SWAP unit 414, and an out 

signal 1611 of 8 bits is output therefrom. 

[0114] A specific process performed in the SWAP unit 414 
will be described below with reference to Fig. 16A. A bit 
selection register A6 (1602) has 8 bits for specifying a bit 
20 to be replaced. The register has a bit selector 

configuration which can replace an arbitrary bit of the 
input zs signal 1600 with the on_off signal 1601 in the 
selectors 1603 to 1610. 

[0115] In this configuration, 1 is set to an arbitrary 
25 bit set by the register A6 (1602) only when the sd signal 
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1600 is 3, and 0 is set in the other cases. That is, when 
the sd signal 1600 is 3, that means product-sum operation 
has been performed, and thus the signal indicating the 
operation has been performed is added to the image-area 
5 signal. 

[0116] With this configuration, the image-area signal 
converting unit 101 outputs the image-area signal which has 
been converted to 600 dpi and the sd signal indicating that 
product-sum operation has been performed. 

10 [0117] By performing an image forming process, such as 

color processing and compression, in the image processing 
unit 304, data having an image quality equivalent to 1200 
dpi can be processed as 600 dpi data. That is, a FiFo 
memory and a compression memory need not be added, and 

15 processing speed need not be increased. In other words, 

1200 dpi data can be processed by using hardware for 600 dpi 
data, and thus a low-cost controller can be obtained. 
[0118] Further, by processing image data using the method 
of the present invention, high-quality data equivalent to 

20 1200 dpi can be output by using a printer for 600 dpi, 

instead of an expensive printer for 1200 dpi. 
[0119] In the embodiment, the printer 305 is used. 
Therefore, according to the present invention, high-quality 
processing and high-resolution output equivalent to 1200 dpi 

25 can be realized by using controller/printer of a 600 dpi 
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processing system. 

[0120] As described above, according to the invention 
corresponding to the embodiment, high-resolution images can 
be output while suppressing load to a printer and controller 
processing. That is, by converting 1200 dpi data to 600 dpi 
data while maintaining phase information of 1200 dpi, high- 
resolution output can be realized, and at the same time, 
increase in the cost due to the spec up of hardware can be 
prevented. For example, proportions of characters (font) 
and lines, which cannot be improved by a smoothing 
technology for obtaining a smooth image having high- 
resolution edge portions (the smoothing technology is 
disclosed in, for example, USP No. 5,465,157) , can be 
expressed in a resolution equivalent to 1200 dpi by 600 dpi 
output. In other words, an image-quality level of 1200 dpi 
can be expressed by using a printer of 600 dpi output. 
[0121] Further, by using an image-area signal and 
density-level information of each pixel, optimal data 
conversion can be performed for each object, such as text 
and photograph. In addition, by performing the processing 
in the controller, 1200 dpi data can be optimally converted 
to 600 dpi data by considering the non-linear characteristic 
peculiar to electrophotography. Of course, if expansion to 
bitmap data is performed at 1200 dpi, the data is 
immediately converted to 600 dpi, and thus all the processes 
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in the controller can be performed by a 600 dpi processing 
spec. Accordingly, high-resolution image data can be output 
while performing processes in the controller at high speed 
and suppressing an increase in the cost. 
5 (Modification) 

[0122] Next, a modification of the present invention will 
be described. In a basic configuration of the apparatus of 
the modification, parts which are the same as those in the 
above-described embodiment are denoted by the same reference 

10 nximerals, and the corresponding description will be omitted. 
[0123] In the modification shown in Fig. 17, an image 
signal is directly transmitted from an external controller 
316 to the image processing unit 304, instead of 
transmitting a PDL signal from the PC through the network to 

15 the image processing unit 304 as in the above-describe 
embodiment . 

[0124] The basic configuration is almost the same as in 
the above-described embodiment, and thus only different 
parts will be described. The PC 315 in Fig. 17 outputs 

20 signals of PostScript language and LIPS, which is a PDL 
language developed by Canon. In the modification, the 
external controller 316 receives the signals. 
[0125] In the external controller 316/ PDL data is 
expanded so as to form 12 00 dpi image data and to perform 

25 color processing, image compression, and spool processing to 
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an HDD or memory, as in the image processing unit 304 
described in the embodiment. Then, the controller 316 
transmits a 1200 dpi signal through the network cable 314 to 
the network 313. 
5 [0126] The above- described various types of image 

processing is performed to the transmission data, and the 
data is compressed and is transmitted as 1200 dpi bitmap 
data. At this time, the 1200 dpi image-area signal 
described in the embodiment is also compressed, which is 

10 transmitted to the network 313. 

[0127] The network 313 outputs the received compressed 
signal to the image processing unit 304. The image 
processing unit 304 decompresses the received data so as to 
obtain a 1200 dpi image signal and an image-area signal, 

15 which are input to the image signal converting unit 103 and 
the image-area signal converting unit 101 shown in Fig. 1, 
respectively. 

[0128] The following processes are the same as in the 
embodiment. Finally, high-quality data equivalent to 1200 

20 dpi is output from the printer 305 having a 600 dpi engine. 

The data can be dealt as 600 dpi data in the internal 
processing of the image processing unit 304, and thus 
advantages can be obtained in both performance and cost . 
[0129] Further, as in the above embodiment, improvement 

25 in proportion of characters (font) as well as image quality 
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at edge portions can be obtained by using the present 

invention. 

[0130] As described above, the modification is 
characterized in that an image quality equivalent to 1200 
5 dpi can be obtained by using any type of controller, which 
is a different point from the above embodiment. That is, 
even when color processing and PDL language are restrained, 
an inexpensive output system of 1200 dpi can be obtained 
simply by preparing a necessary external controller 

10 according to use. 

[0131] The present invention can be achieved by supplying 
program codes of software for realizing the functions of the 
embodiment or modification to a system or apparatus through 
a recording medium, so that a computer (or CPU or MPU) of 

15 the system or the apparatus reads and executes the program 
codes stored in the recording medium. 

[0132] In that case, the program codes read from the 
recording medium execute the functions of the above- 
described embodiment or modification, and thus the recording 

20 medium storing the program codes is included in the present 
invention. As the recording mediiam for supplying the 
program codes, a floppy disk, a hard disk, an optical disk, 
a magneto-optical disk, a DVD-ROM, a DVD-RAM, a CD-ROM, a 
CD-R, a magnetic tape, a nonvolatile memory card, or ROM can 

25 be used. 
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[0133] The functions of the above-described embodiment or 
modification can be realized by executing the program codes 
read by the computer. Alternatively, the operating system 
(OS) operated in the computer may perform part or whole of 
5 actual processing based on instructions of the program codes, 
so that the functions of the above -described embodiment or 
modification are realized. 

[0134] Further, after the program codes read from the 
recording medium has been written in a memory provided in an 

10 expansion card inserted to the computer or an expansion unit 

connected to the computer, a CPU or the like provided in the 
expansion card or the expansion unit may execute part or 
whole of actual processing based on instructions of the 
program codes, so that the functions of the above-described 

15 embodiment or modification can be realized. For example, 
the processing may be performed by a driver in the PC. 
[0135] As described above, according to the present 
invention, effects of a resolution converting process can be 
suppressed and load to a printer and a controller can be 

20 suppressed even when resolution is decreased, and thus high- 

resolution images can be output. 

[0136] While the present invention has been described 
with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
25 invention is not limited to the disclosed embodiments. On 
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the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
5 interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



